In this work, a study of hydroxyapatite (HAp) powders obtained using both, porcine bones and chemical precursors was carried put. In the case of HAp obtained by means of porcine bones, physical processes as cooking, washing and milling were developed, for removing the organic material from the bones; after that, the powders were submitted to a thermal treatment at 800 °C, during 12 h. This procedure was carried out without adding chemical alkalines that are harmful for the environment and the human health. On the other hand, HAp powders were also synthetized using the chemical precipitation method widely reported, showing successful results. Moreover, both kind of powders were characterized using x ray diffraction, Fourier transformer infrared spectroscopy, scanning electron microscopy and energy dispersive spectroscopy. Furthermore, the bioactivity of the materials was determined using the simulated biological fluid (SBF) method. Results showed that the natural HAp exhibited better crystallographic properties. Moreover, according to these results, HAp obtained from porcine bones contains traces of elements as Na and Mg that are favorable for the bioactivity, according to the materials behavior when they are immersed in SBF.
INTRODUCTION
Hydroxyapatite is considered as a biomaterial widely employed in many health applications. It is specially used as a source of calcium to produce toothpaste and as an important compound to repair bones. Because of its chemical properties, hydroxyapatite exhibits a great bioactivity and is highly compatible with the adjacent bone and teeth in living beings. Hydroxyapatite is a calcium phosphate ceramic with a high biocompatibility and is nontoxic, being an integral part of bone and teeth tissue in [1] . When HAp is in contact with the osseous tissue, it promotes the bone growth toward the implant [2, 3] . HAp with chemical formula Ca10(PO4)6(OH)2, has been widely studied since 1926 by Jong et al [4] . They found a relationship between the osseous mineral and HAp [4] ; afterwards, Posner et al [5] [6] [7] carried out great advances, especially regarding the crystallographic structure identification of HAp obtained by means of chemical precipitation. Currently, there is a lot of research not only about the production of good quality HAp exhibiting suitable biocompatible properties, but also in searching economical and not polluting production methods [8, 9] . The most used methods for obtaining HAp are: the hydrothermal [10, 11] , chemical precipitation [12] [13] [14] , biogenic sources [8, 15] , among others. The last two methods represent the 30% of the reports in indexed journals from 1999 [9] .
The advantages of chemical precipitation and biogenic sources compared with others are: their low cost, few sub-products, the possibility of controlling the particle size and easy availability [9, 15] . Particularly, biogenic sources exhibit as advantages, the production of materials with high crystallinity and friendly with the environment, since they represent sources without any type of contamination [8, 9] ; furthermore, the bio-genic sources allow the material to keep the native architecture of the animal osseous tissue, producing apatite that, under suitable conditions, behaves as an osteoconductive material [16] .
Chemical precursor methods to obtain HAp, exhibit several advantages as high crystallinity, purity and suitable Ca/P ratio [9] ; nevertheless, the lack of Fe 2+ , Mg 2+ , Si 2+ , Na + , F -ions, that is a specific characteristic of the osseous apatite, is the main disadvantage of HAp produced by this method, compared to that obtained using biogenic source methods [3, 17] . Furthermore, some of the most biogenic sources used and reported in the literature are: egg shells [15] , animal bones [18] [19] [20] [21] [22] , fish spines [8] , among others. On the other hand, one of the most used methods for studying the bioactivity was reported by Kokubo et al [23] . In this method, the material is immersed in a simulated biological fluid (SBF) that contains the same ionic concentration than the human blood plasma. This characteristic is required, because when the material is implanted into the human body, crystals of apatite, like the bone, are formed on the surface; then, the material can be joined to the bone using the apatite layer. This in vivo formation of apatite can be reproduced on the material surface, when it is immersed in a SBF solution [24] ; hence, in an initial approach, the degree of bioactivity can be obtained. In the study performed by Hesaraki et al. [25] , HAp was produced using the chemical precipitation method; after that, samples were submerged in a SBF, to obtain carbonated HAp (CHAp). It was determined the behavior of this CHAp, in mesenchymal mother cells (MSC), obtained from mice; in contrast, our work includes, not only the study of synthetic HAp, but also the analysis of biogenic HAp; it is an important advantage, since the natural HAp is more economic and the main raw material is highly accessible. The surface layer of apatite is normally characterized using techniques as x ray diffraction (XRD) and scanning electron microscopy (SEM); XRD allows to identify the crystalline phases of this calcium phosphate. Similarly, the SEM micrographs allow us to determine the morphology and the growth of apatite; nevertheless, few reports of Fourier transformed infrared spectroscopy (FTIR) analysis using the attenuated total reflectance (ATR) can be found in the literature. The main objective of this analysis is to determine functional groups and vibrational modes of the material molecules; for this reason, this is a suitable method to identify the apatite.
Currently, some researches focused on HAp obtained from porcine bones coincide in using sodium hydroxide [NaOH] , to take away the organic part from the bones; nevertheless, NaOH is a highly alkaline chemic that generates important quantities of hazardous waste. It makes that this chemical compound may be used in an especial way, generating an increase in the method cost and environmental damage [19, 20, 22, 26] ; moreover, according to the literature, all the works reporting HAp extracted from animal bones use any derivate of NaHO. For this reason, it is important to investigate about methods to obtain HAp from biogenic sources trying to protect the environment, avoiding the use of chemical contaminants.
This research presents a method to extract HAp from porcine bones, including physical processes without using hazardous chemical reagents; furthermore, the material obtained will be compared with HAp powders obtained from the chemical precipitation method, to determine the efficiency of the proposed method. Finally, materials obtained were characterized by the x-ray diffraction (XRD), Fourier transformed infrared spectroscopy (FTIR), scanning electron microscopy (SEM) and energy dispersive spectroscopy (EDS); similarly, the bioactivity of the obtained materials was analyzed using the simulated biological fluid (SBF) technique, applying the Kokubo method [27] ; afterwards, the materials were again characterized using FTIR and SEM.
EXPERIMENTAL DETAILS

Synthesis of Natural Hydroxyapatite
Powders of natural HAp were obtained from femur of pig bones with sacrifice age of around six months. Initially, the bone is submitted to a deproteinisation process. It consists in eliminating the organic material from the bone. First, a conventional cooking to remove great part of the lipid membrane and tissue was employed; after that, the cooked bones were gridding to extract the medulla; then, the product is exposed to microwaves radiation at a power of 700W by 30 minutes, in order to extract the remained lipids of the bones; finally, the bone spicules were washed using oxalic acid to promote the formation of carbonated hydroxyapatite. The well cleaned bone spicules without any organic material were milled using a ball mill, until a powder with particle size lower than 38μm was obtained. The powder was submitted to a thermal treatment at 800°C during 24 h, in order to promote the crystalline structure of the HAp [21] . The process to obtain the natural HAp is presented in figure 1. 
Synthesis of Hydroxyapatite by chemical precipitation
Synthetic powders of HAp were obtained from the next chemical precursors: Calcium nitrate 4-hydrate (Ca(NO 3 ) 2˙4 H 2 O) at 98% of purity (Panreac) and ammonium di-hydrogen phosphate((NH 4 )H 2 PO 4 ) at 99% of purity (Panreac). The solution of Ca(NO 3 ) 2˙4 H 2 O was used at a concentration of 1 mol, while the solution of ((NH 4 )H 2 PO 4 ) was employed at 0.6 mol. The nitrate calcium was used as a base solution, adding to it the monobasic phosphate solution drop by drop. With this procedure, pH remained lower than 8 during the reaction by adding ammonia (NH 4 ); similarly, the temperature reaction was controlled, keeping it constant at 37°C ± 3°C; afterwards, the magnetic shaking was carried out during 3 hours and the aging was maintained during 64 hours. The precipitation obtained was strongly washed in order to eliminate the excess of ammonia added during the reaction. Finally, the plaster was filtered by using filter paper. The material was dried at 80°C during 12 h and after that, a milling procedure, using an agate mortar, was carried out. The solubility of the synthetic calcium phosphates depending on the pH was determined; for this reason, at pH≥8, HAp crystals are formed; then, a further thermal treatment is required, in order to promote the formation and growth of HAp [9] , [14] . The process for obtaining synthetic HAp is described in figure 2. 
Characterization of the materials
For the XRD measures, an equipment RIGAKU, MINIFLEX II, with Cu anode (kα=1.5406Å), voltage of 30kV and resolution of 0.02° in 2ϴ, was used. The SEM analyses were carried out using JEOL JSM-5910 LV equipment. For these studies, a coating of gold and palladium was required, since the HAp is an isolated material. EDS analyses were carried out to determine the Ca/P relationship of the HAp powders; moreover, it was possible to determine in a qualitative way the possible presence of impurity traces. For these analyses, BRUKER equipment with an accessory of ATR platinum Diamond, was employed, with a resolution of 4cm -1 , using 32 steps in a range between 400 and 4000 cm -1 . Finally, the powders were analyzed in a simulated biological fluid (SBF) as is reported by Kokubo et al [23] . In order to apply this method, the reagents listed in table 1 were added, one by one, before incorporating the calcium chloride [CaCl 2 ]. It is necessary to establish pH=2 in the solution, using hydrochloric acid [HCl] , to avoid the precipitation of the calcium phosphate in the solution. Finally, reagents 9 and 10 from the list of table 1 were added, in order to obtain a pH=7.42 ±0.02.
For the bioactivity analysis, the powders were compacted, forming cylinders of 13 mm in diameter, employing a pressure of 100 MPa. These samples were submerged in the SBF during 0, 3, 7 and 14 days. After that, they were again analyzed using Fourier transformed infrared spectroscopy (FTIR) and scanning electron microscopy (SEM). For these analyses, a 250 Quanta model FEI SEM equipment was used. All the micrographs were obtained with a voltage of 10 kV.
RESULTS AND DISCUSSION
FTIR analysis
Figure 3: FT-IR spectra of natural and synthetic HAp. The FTIR technique was used to study the composition of the HAp powder. Figure 3 shows the infrared spectra of both, synthetic and natural HAp. In these spectra, bands placed at 629 and 3570 cm Figure 3 shows the transmittance intensity of the bands at 629 and 357 cm -1 belonging to OH -that is lower in the case of the natural HAp compared to synthetic HAp. This difference can be attributed to the fact that synthetic HAp was obtained by means of reactions between two solutions in an aqueous environment, promoting the formation of a great quantity of this type of functional groups; on the contrary, the natural HAp was obtained using physical reactions. With this method, the organic material of bones was extracted, in order to leave only the inorganic part corresponding to different calcium phosphate, mainly the HAp. During this process, the material did not remain in contact with any aqueous solution, being the possible cause of no formation of great quantity of hydroxyl groups' type.
In figure 3 , bands at 878, 1450 and 1545 cm -1 corresponding to carbonate groups are identified; moreover, in table 2, the vibrational modes observed in the synthetic Hap are listed. These bands are formed, since with this methodology, a carbonate HAp was obtained. This type of HAp exhibits a substitution of carbonate ions by hydroxyl ions (A type substitution) and carbonate ions by phosphate ions (B type substitution) [27] . This type of substitutions favors the HAp powders bioactivity, because the negative charge carriers initiate and promote the bone type apatite growth in presence of the SBF [30] . Figure 4 shows the diffraction patterns of both, natural and synthetic powders. According to this figure, the natural HAp exhibits higher crystallinity than the synthetic HAp, since its peaks present lower width than those observed in the diffractogram of synthetic HAp. The high width of the peaks belonging to synthetic HAp produces an overlapping between them, as shown at angles between 30°<2θ<33°, where a great peak is observed; nevertheless, this peak is composed by two lines corresponding to crystalline HAp at 31.9325° and 32.3470°. It does not matter the lower crystallinity of the synthetic HAp, in both diffraction patterns the HAp is present as a single phase; it means, that no phases corresponding to other calcium phosphate as: α-phase calcium phosphate (α-TCP), β-phase of tricalcium phosphate (β-TCP), tetracalcium phosphate (TTCP), among others, are present in the materials obtained. Therefore, it can be concluded that there is not a mixture of the HAp with other crystalline compounds; moreover, in these diffractograms, a preferential growth in the (211) plane at 2θ = 31.9325° is observed. This is a typical characteristic of the HAp.
XRD analysis
The lattice parameters obtained for these patterns are listed in table 3. These values are similar to those reported in the literature [2]; moreover, from the Stokes and Wilson equation, values of micro-stress were obtained as shown in table 3; it is evident that the synthetic structure undergoes a stress 6 times greater than the natural HAp. This behavior is associated to the methods employed; particularly, in the case of the chemical precipitated, the procedure was carried out at low temperatures, being in detriment of the crystalline structure, since the energy is not enough to reach the formation limit of the crystalline HAp that is 11. 2 eV [3]; then, a HAp with poor crystallinity was formed, increasing the lattice stress. The lower crystallinity and higher mocrodeformation exhibited by the synthetic HAp, compared with those observed in the natural HAp is an indicative that the first one presents the production of nanocrystals. These nanocrystals are evidenced by the formation of wide peaks in the diffraction patterns; furthermore, this type of nanocrystals can be formed by nanometric particles which sizes do not favor the bone type HAp growth when they are immersed in SBF. 9.4320 Å 6.8810 Å ------- Figure 5 shows SEM images corresponding to both, natural and synthetic HAp at different magnifications. In these images, the grain distribution can be observed. In the case of natural HAp ( figure 5(a) ), grains exhibit several sizes and shapes; on the other hand, synthetic HAp particles show semi-spherical shapes, with more homogeneous sizes, as shown in figure 5(b) . At a greater magnification ( figure 5(c) ), in the case of natural HAp, it was observed that the big grains are composed by small particles with laminar shapes, agglomerated between them; on the other hand, synthetic HAp, presents agglomeration of small grains that form a grain of higher dimension. The laminar shape exhibited by the natural HAp is attributed to the synthesis process and natural precursors [4] . The synthesis method for HAp influences not only the growth, but also the grains shape at the end of the process. Then, the size and shape of HAp nanoparticles can have influence on the bioactivity capacity of the HAp, where the nanoparticles with nanometric sizes exhibit better bioactive properties. In figure 6 , the atomic percentage depending on the chemical element for both natural and synthetic HAp can be observed. These results were obtained using EDS technique. According to these results, the predominant elements in both samples are P, Ca and O; furthermore, the spectrum of natural HAp reveals the presence of impurity traces of Na and Mg. These impurities are not present in the synthetic HAp. The precedence of these impurities is attributed to the composition of the natural's Hap precursors (pig bones) [5] , [6] , [7] . The HAp included in the bone is not stoichiometric, since this HAp exhibits ion substitutions and impurity traces of other chemical elements presented in the HAp lattice. This kind of substitutions promotes the formation of new bone. According with this, natural HAp obtained from the porcine bone shows this type of substitutions and traces; for this reason, its bioactivity behavior can be enhanced, compared with it of the synthetic HAp [31] . F.; GIRALDO, B.S.;GARCIA, B.C.G., et al. The Ca/P relationship was determined from the EDS analyses and values of 1.62 and 1.59 for natural and synthetic Hap, which were obtained respectively. These values are close to the ideal value of 1.67, especially in the case of the natural HAp [3], [8] ; the difference between the Ca/P relationship for both natural and synthetic HAp, is due to the obtaining method, since the chemical precipitation was carried out at low temperatures, entailing to produce Ca deficient HAp with lower crystallinity as evidenced in XRD analysis [3] .
SEM Analysis
Bioactivity test using SBF
Fourier transform infrared spectroscopy
In figure 7 , the infrared spectra are presented, for different synthetic and natural samples of HAp, submerged in SBF during 0, 3, 7 y 14 days. According to figure 7, the set of samples of natural HAp ( figure  7(b) ) exhibits an increase in the phosphate groups, proportional to the time of immersion in SBF, compared with the set of synthetic samples ( figure 7(a) ) that present a decrease in the bands of the phosphate group as the time of immersion is increased. The increase in the bands intensity of the phosphate functional group is an indicative of the apatite formation on the materials surface, since as HAp is exposed to an ionic solution like SBF, it acquires a negative surface charge, that is compensated with positive ions in the solution, as Ca+. these positive ions are then counteracted with negative ions as PO 4 3-and OH -, this ionic interaction creates a layer of amorphous calcium phosphate, that afterwards crystalizes in a new type of apatite [9] . Similarly, from figure 7, it is observed that the set of natural HAp presents a greater intensity in the 629 cm -1 band, corresponding to the hydroxyl functional group [OH -], compared with the set of synthetic HAp. The phosphate hydroxide groups belonging to the natural HAp exhibit greater intensity, indicating high ionic activity during the time of immersion in SBF; then, a favorable growth of bone type apatite was observed, compared with the behavior shown by the synthetic HAp [10, 32, 33] . 
SEM analyses
Figures 8 and 9 show SEM micrographs for natural and synthetic Hap, respectively submerged in SBF during 0, 3, 7 y 14 days. For the bioactivity analysis, the materials were synthesized and after that, they do not exhibit the same powders' morphology. The micrograph presented in figure 8(a) was considered the pattern sample, since it was not submerged in SBF. In this image, it is observed uniformity in the grain size and oval morphology. In figures 8(b), (c) and (d), the apatite growth exhibiting spherical shapes, can be observed. These spheres are agglomerated in order to form an interconnected lattice like ordering; the apatite formation was observed 3 days after the immersion in SBF, where the spheres formation increased with the time of immersion [11] .
In figure 9(a) , a similar morphology to the one presented in figure 8(a) , corresponding to natural HAp is observed; nevertheless, the formation of HAp after 3 days of immersion is poor and it increases with the time of immersion; nevertheless, the growth of apatite in samples of synthetic HAp is lower than the one in natural HAp. The greater apatite growth in samples of natural HAp, is attributed to the high intensity of the 630 cm -1 band, corresponding to the flexion vibration type of the OH -functional group, in this set of samples, this growth is observable in IR spectra shown in figures 3 and 7. [10] .
The increase in the bioactivity is promoted by the combination of different calcium phosphate phases. Powders obtained from pig bones are a combination of hydroxyapatite and tricalcium phosphate. This combination improves the bioactivity with respect to pure HAp [34] . Finally, it can be highlighted that in this work, we performed a comparative study of the bioactivity exhibited by both, natural and synthetic HAp, and this study was carried out using two complementary techniques as FTIR and SEM; furthermore, it was observed the great relevance that the particle size exerts on the bioactivity and the chemical response of these materials, by means of the intensity of the functional groups of the hydroxyl phosphates.
CONCLUSIONS
Powders of natural and synthetic HAp were obtained by using new methods proposed. It was found that natural HAp exhibited better structural properties compared with synthetic HAp. On the other hand, XRD analysis allowed us to observe that both, natural and synthetic HAp exhibit a single phase that is in agreement with the reposts; furthermore, the natural HAp presented higher crystallinity than the synthetic HAp. From the FTIR results, typical functional groups of stoichiometric HAp were identified, evidencing that both methods are successfully obtaining crystalline HAp. Finally, SEM results indicated that the morphology of the materials is strongly influenced by the method type, since natural HAp exhibited laminar shapes that were no observed in synthetic HAp. Similar to the case of bioactivity, it was evidenced a great increase of the OH-and PO43-functional groups for the set of natural HAp samples that indicates the formation of apatite. Using SEM analysis, it was identified a formation of an apatite layer on the surface of HAp samples; furthermore, this layer of apatite exhibited a greater growth in samples obtained by the natural method.
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